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Abstract: 

I construct classical superextensions of the Virasoro algebra by employing the Ward iden- 
tities of a linearly realized subalgebra. For the = 4 superconformal algebra, this subal- 
gebra is generated by the = 2 U{1) supercurrent and a spin = 2 superfield. I show 
that this structure can be extended to an A^ = 4 super Ws algebra, and give the complete 
form of this algebra. 
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1. Introduction 

Extensions of the Virasoro algebra containing higher spin currents, so called W^-algebras 
[1,2] , play a central role in many areas of two dimensional physics. They originally appeared 
as Hamiltonian structures on integrable hierarchies [3] , and since have been recognized as a 
symmetry in for example conformal field theories [4] , Toda theories [5] and two dimensional 
gravity [6,7]. Recently, there has been progress in constructing VF-algebraic analogues of 
string theory [8] . 

Unfortunately, the explicit form of VF-algebras is very complicated, except in the 
simplest cases when only a few currents of low spin are present, and as a consequence, 
relatively few VF-algebras have been constructed explicitly. For example, an infinite series 
of algebras Wn are known to exist containing currents for all values of the spin from 2 to n 
[2,5], but only W3 [1] and W4 [9] have been constructed explicitly. The Wn all have N = 2 
superextensions [10], but again only for n = 3 [11,12] and n = 4 [13] the explicit structure 
is known. Although the Virasoro algebra has superextensions with arbitrarily high N [14] , 
for the Ws algebra no extensions with N > 2 have been constructed previously. 

Direct constructions of VF-algebras are facilitated considerably by recognizing the 
maximal linearly realized subalgebra Ti. with respect to which all remaining currents trans- 
form as primaries, and imposing covariance with respect to this Ti. In general, ?i is a proper 
extension of the Virasoro algebra. In the case of = 2 supersymmetric VF-algebras, Ti 
is the N — 2 superconformal algebra, and the construction can be simplified considerably 
by using N = 2 superfields. In this paper, I construct an = 4 super algebra. In this 
case, 7i is a proper subalgebra of the linear A^ = 4 superconformal algebra [15], generated 
by the N = 2 supercurrent J and a spin A^ = 2 superfield The structure of $ is 
somewhat unusual: its lowest component is the inverse derivative of a spin 1 current. No 
nonlocalities occur, because only (super) derivatives of $ enter the algebra. 

I will use the dual formalism recently introduced in [13]. In this approach, one con- 
structs a three dimensional action, analogous in some respects to a Chern-Simons action, 
from which the Ward identities of the algebra follow as equations of motion. This formu- 
lation contains, besides the generating currents, a set of dual one-forms. These one-forms 
satisfy Maurer-Cartan equations which also follow as equations of motion from the action. 
Combined with the Ward identities, the Maurer-Cartan equations form an integrable sys- 
tem which is equivalent to the Poisson bracket formulation of the algebra. The integrability 
of the system is equivalent to the Jacobi identities of the Poisson bracket formulation. 

The construction of the action bears a close resemblance to the construction of correla- 
tors in conformal field theory, in particular in the way the Ward identities of the subalgebra 
H are utilized. The spins in this subalgebra are descendants of the identity, while the re- 
maining spins are primaries with respect to H. The nontrivial task is to construct a set of 
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three point functions for the primaries and their composites, consistent with Ti. covariance. 
All correlators involving Ti currents then follow from the couplings of the primaries by the 
Ti. Ward identities, and only a finite number of them are nonzero. The three dimensional 
action is the effective action of all correlators. 

The explicit form of the Ti dressings of the primary couplings is extremely complicated 
in all but the simplest cases, and they are responsible for the unwieldy form of the largest 
VF-algebras constructed thus far. It is however very straightforward to determine these 
dressings. They are simply the Ti covariantizations of the terms in the effective action 
determined by the couplings of the primaries, and can be constructed in the familiar 
Yang-Mills fashion by exploiting the anomaly in the Ti Ward identities. This anomaly 
is analogous to the inhomogeneous terms in the transformation law of Yang-Mills gauge 
fields, and can be used to cancel terms in the Ti. variation of the effective action caused by 
derivatives. 

The organization of the rest of this paper is as follows: In Section 2, I construct as 
an example the SO{N) symmetric A^-extended supcrconformal algebras and discuss the 
relationship between nonlinear and linear versions of these algebras. As a preparation to 
the AT = 4 super W3 algebra, I discuss in Section 3 the N = 2 superfield structure of the 
N = 4 supcrconformal algebra. In Section 4, I derive the couplings of the primaries of the 
A = 4 super W3 algebra, and Section 5 contains some conclusions. The full structure of 
the action is given in an appendix. 

2. Linear and nonlinear superconformal algebras 

In this paper I follow the dual approach to VF-algebras recently introduced in [13]. To 
illustrate this formalism in a simple setting, I first consider the generic nonlinear SO{N) 
symmetric superconformal algebra [14]. The generators of this algebra are the stress tensor 
T, of spin 2, A supersymmetry generators A^, of spin |, and a set of SO{N) currents Jab, 
of spin 1, where a, b run from 1 to A. I also introduce a set of gauge potentials yU, of spin 
— 1, Xa: of spin — |, and Aab, of spin 0. 

Let the subalgebra H described in the Introduction be the semidirect sum of the 
Virasoro algebra and the SO{N) affine Lie algebra. The nontrivial primary fields are 
then the A^, and there are no couplings possible between these primaries. Thus, the only 
nontrivial couplings are the H dressings of the propagators, and the three dimensional 
action takes the following simple form 

S = J^Jdx {2TF - 2XaVXa + JabFab + fifl'" + XaXlL. + h^ab^b) ■ (2-1) 

Here, F = d/i + jiji' is the field strength of diffS'^ Vxo = dxa - ^l^'Xa + A*Xo + Q^abXb 
is the covariant derivative of Xa, and Fab = dAab + fJ'A'ab + QAacAcb is the SO{N) field 
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strength. Primes denote derivatives with respect to the coordinate x, and XaLov denotes 
a covariantized second derivative of Xa which is given exphcitly below. All fields are forms 
on the two dimensional surface E with values in the tensor algebra of diffS'^, and the 
lagrangian is a spin 1 two-form on S (modulo an inhomogeneous term in its transformation 
law which is the conformal anomaly). 

The action (2.1) is a generalization of the Chern-Simons action for a finite dimensional 
Lie group and contains in fact the SO{N) Chern-Simons action. It consists of a kinetic 
piece pairing the generators of the algebra and the gauge fields, and a potential describing 
the various couplings between the fields. The quadratic piece of the potential is diagonal 
and corresponds to the central extension of the algebra, while all higher couplings are 
contained in the covariantizations of XaXalcov- 

Ignoring for the moment the matter fields Xa, Xai the equations of motion correspond- 
ing to (2.1) are 

F = 0, (2.2) 

i^a6 = 0, (2.3) 

VT + /x'" + iJabA:^, = 0, (2.4) 

VJa6+^'a6 = 0. (2.5) 

Eqs. (2.2,3) are the Maurer-Cartan equations of diffS'^ 6-Map(S'\ SO{N)) and eqs. (2.4,5) 
are the Ward identities of the central extension H = VirQ-SO{N). Using (2.2,3), one 
easily shows that the terms J dx jiji'" and | J dx AabA'^^f, appearing in (2.1) are closed two 
forms. They correspond to the Gel'fand-Fuchs cocycle and the central extension of affine 
SO{N) respectively. 

The explicit form of Xo Lov determined by demanding that the remaining piece of the 
lagrangian J dxXaXalco^ likewise closed, still using the decoupled Ward identities (2.4,5). 
This is done in much the same way as in Yang- Mills theory, exploiting the nonhomogeneity 
of (2.4,5) to covariantize the derivatives in XaX'd- First, one calculates the exterior derivate 
of 

XaXa observes that it can be cancelled by adding terms linear in the Ti, currents. 
One then calculates the exterior derivative of these additional terms and cancels it by 
terms quadratic in the TC currents. At this point the process must terminate since all Tt 
currents have dimension > 1, and in general the process will terminate as long as all H 
currents have positive dimension. 
In this way one obtains 

/^^x.x;L.. = /</.(x„x: + k«x.r-2gx„x;^.. ^^^^ 

gX JabJab ~l~ Q XaXbJacJcb) • 
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The SO{N) coupling is determined by imposing the integrabihty condition (P = on the 
equations of motion of the full action (2.1). This gives = —j. 

Notice that ior N = 2 the terms quadratic in J cancel. In this case, the algebra is in 
fact linear, and the action can be rewritten concisely in terms of superfields. 

Let 9 = 9i + 02 and 6 = 6i — 62 denote the chiral combinations of two fermionic 
coordinates 6*1, 6*2, and let D = d§ + 9 dj;, D — dg + 9 dx denote the corresponding 
superderivatives. Then cp' — ^{DD + DD)(f) is the x-derivative, while I define 4> — \{DD — 
DD)(j). Let fi and J he N = 2 superfields of spin —1 and 1 respectively, and consider the 
following action 

S = J J dxd9d9 {2JF + iifi') , (2.7) 
where F — d/j, + /i/x' + ^DjjLDjjL. The equations of motion corresponding to (2.7) 

F = 0, (2.8) 

VJ + fi' (2.9) 

are easily seen to be integrable. Here, V J is the N = 2 supercovariant derivative, which 
for a field of spin s and charge q reads 

V(l) = d(j) + s/i'cj) + iMf)' + ^DiiD(j) + ^DiiD(j) + qfi(j) . (2.10) 

In x-space, (2.7) reduces to the original action (2.1) for N = 2. 

For = 3, a linear algebra [15] can be constructed in the same way using = 3 
superfields. The action is 

S^J J dxd^9{2AF + nD^n), (2.11) 

where A is a spin i supercurrent, F = dji + jiji' + jDaiJ,Dafi and = One 
easily verifies that the equations of motion are integrable so that this action indeed defines 
a linear N = 3 superconformal algebra. The x-space action is 



S = J J dx {2TF - 2XaVxa + 2JaFa - 2AVA 

+ f^f^'" + XaX'l + AaK + X' (2.12) 
+ ^X^T + ieabcXaX'bJc + XXaJa - ^XaK) ■ 

The difference with (2.1) is that the terms quadratic in J have been replaced by nonminimal 
couplings involving the spin | fields A, A. The H subalgebra is now the Virasoro algebra, so 
that Xa, Ja and A are all to be regarded as matter primaries. The last two terms in (2.12) 
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represent the three-point couphng of the primaries. The coefficients of these couphngs are 
obtained by imposing the integrabihty of the equations of motion. 

For N > A, no simple superfield formahsm is available since in the present approach 
the Gel'fand-Puchs cocycle does not have an extension to AT > 4 superspace. For = 4, 
a linear algebra does exist [15] the most general form of which has been given in [16]. The 
action for the (untwisted) singly extended algebra of [15] is 

S = J^J dx {2TF - 2XaVxa + JabFab - 2A„ VA„ + 2KVB 

+ + XaX'L + |^a6<6 + + BB' (2.13) 

+ \x^T - 2QXaX'bJab 

+ KXbJab - KXb^'ab + KXaK - KXaB') , 

where the tilde denotes dualization of the 5*0(4) indices. The terms of (2.1) have now 
been replaced by terms involving the of spin | and the U{1) current with dual one- 
forms \a and B respectively. In this case, the superconformal algebra already has three 
independent couplings. These couplings are in general much harder to determine than the 
Ti covariantizations, and it would be extremely hard to construct a extension in this 
x-space formulation. As I show in the next section, the action (2.13) can be written in 
terms of AT = 2 superfields, and in this formulation the entire potential is again just a sum 
of covariantized central extensions, with no nontrivial couplings. This formulation will be 
the basis of my construction oi N = A W^^. 



3. N = 2 superfields for the = 4 superconformal algebra 

The spin content of the A^ = 4 superconformal algebra of the previous section is (2)^, 
(3/2)^, (1)^, (1/2)^, while the spins of the corresponding one-forms are (—1)"'^, (—1/2)^, 
(0)^, (1/2)^. These spins can be grouped into N = 2 superfields as follows. For the 
one-forms, one defines a spin —1 superfield //, two spin — ^ superfields X smd a spin 
superfield A, where the highest component of A is the derivative of the U{1) connection S, 
i.e. A I— > A + d\- + d\^ + d9B' . For the generators, one can then define a spin 1 superfield 
J (the N = 2 supercurrent of the previous section), two spin ^ superfields A, A and a spin 
superfield which reads explicitly $ i— > d~^K + 9K_-\-9Kj^-\-99J ^ where d~^K denotes 
the inverse a;-derivative of the U{1) current and J is one of the SO{A) currents. The 
action will be local as long as $ occurs only through its (super) derivatives or multiplied 
by a factor the highest component of which is an x-derivative, as in the kinetic term <^VA. 

The fermionic superfields can have a U{1) charge which turns out to be 0, and 
a super U{1) charge Q, which is the coupling to the super U{1) connection A. The 
N = 2 superconformal algebra has a charge conjugation symmetry, which I will refer to as 
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"parity". J and ji have negative and positive parity respectively, and in general bosonic 
generators and dual one-forms have opposite parity. A and A are parity conjugates, as are 
X and X, and it turns out that $ and A have positive and negative parity respectively. 
The entire lagrangian has negative parity, and spin 0. 

To write a central term for the spin field A, one again has to use the inverse derivative. 
It is easy to check that the term Ad^^A reduces in x-space to the usual central terms for 
the component fields. 

The action for the N = 4 superconformal algebra can now be written simply as 

S = I I dxSde {2JF + AVx - AVx + 2$V^ + f^fi' + xxLov + Ad-'^A) , (3.1) 

where xLov denotes the derivative covariantized with respect to the H subgroup generated 
by J and $. The H Ward identities are 

VJ + i:i' + lDAD^+^DAD^ = 0, (3.2) 

V$ + a-^i = 0, (3.3) 

and one easily obtains 

J dx xxicov = j dx {\xxT + QixDxD^ + xDxD^ - XX^')) , (3-4) 

where the charge is determined to be = \- Notice that in this expression $ only 
enters through its (super) derivatives, so that indeed no nonlocalities occur. The fact that 
$ enters the Ward identities (3.2,3) only through its derivatives guarantees that this will 
be true in general. 

In x-space, the action (3.1) expands to the action (2.13) of the previous section. 

For comparison with the algebra discussed in the next section, I now discuss what 
happens if one omits the superfields A. In that case, the integrability condition = 
fails on x, and instead one has 

d^X = -lix'x - XX' + DxDx + DXDX)X ■ (3-5) 

The terms between brackets are exactly the appropriate coupling of a spin 0, parity-odd 
superfield, and this is in fact how one deduces the parity of A. 

If one tries to construct an N = 4 super algebra with the spin content expected 
for linearly realized supersymmetry, i.e. (3)^, (5/2)"^, (2)^, (3/2)"^, (1)-*^, one encounters 
an exact analogue of eq. (3.5): vanishes on the spin | superfields up to a term which 
can be cancelled by coupling to a parity-odd spin superconnection. Thus, the entire 7i 
subalgebra of the A'' = 4 superconformal algebra, generated by J and $, carries over to 
the algebra. 
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4. The AT = 4 super W3 algebra 

In this section, I show that a consistent set of couplings can be constructed for the primaries 
of the N = A super W3 algebra. I start with the canonical spin content of the last 
paragraph, and introduce the spin superfield $ when such becomes necessary. Thus, 
consider the N = 2 superfields J, of spin 1 and negative parity, parity conjugates X, X, 
of spin I and charge ±q, and S, of spin 2 and positive parity. The corresponding dual 
one-forms are the superfields fi, of spin —1 and positive parity, parity conjugates i/j, t/S, 
of spin — I and charge ±q, and v, of spin —2 and negative parity. At this point, the Ti 
subgroup is just the N = 2 superconformal algebra. 

The following is a systematic way to determine the couplings between the primaries 
and their composites. 

i]: Write down general ansatze di/i 1— > ^uiij for the derivatives of all primary one- 
forms i/i in terms of the primary one-forms and currents. Here, j labels different sectors, 
the terms in Uij only differing in their derivative structure and not in their field content. 

iij; First, consider only the coupling of each primary to the H subalgebra. Thus, set 
the H covariant derivative of each primary to zero, and calculate du>ij for each i, j. The 
terms containing derivatives of the anomaly in the H Ward identities can be cancelled 
by higher order terms, but all other terms should vanish. (For example, in the present 
case where Ti is the N = 2 superconformal algebra, all terms which do not contain fi' or 
a derivative thereof should vanish.) This condition determines most, if not all, relative 
coefficients in each sector. 

in] Next, turn on the anomalies. That is, for each current Si set VSi + T>Ui — 0, 
where Ui is the one-form dual to Si and the differential operator T> is the propagator for 
Ui determined by the central extension. Each coupling dui 1— tOij in the ansatz comes 
from a term SiUij in the potential, and gives rise to a term VuiUij in the derivative of 
the potential. Requiring the sum of these contributions to vanish gives relations between 
the coefficients in different sectors. This condition follows from the associativity of the 
operator product algebra. 

iv] The final step also requires the knowledge of the rules dug 1-^ uoj where uq denote 
the one-forms belonging to Ti. These follow from the first order covariantizations of the 
central terms. Then, calculate d'^Ui using the full set of rules dui Yl^ij^ ^^'^ require 
these expressions to vanish. This determines all remaining parameters in the ansatz. 

In the present case, the action has the form 

S^ I j dxdOde {2JF + 2X W - 2XVip + 2SVu 

J-eJ (4.1) 

+ jifi' + ipip" — ^"ipip'" + vv'" + higher couplings) , 
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where q and s = — | are the (unknown) charge and spin of tp. From the first order 
covariantizations of the central terms one obtains 



+ \{q+ l)Di^D^' -\{q+ l)Di^'D^ -\{q- l)Di^D^' + \{q- l)Di^'D^ 
- 2vv"' + 2,v'v" - z>z>' - iDvDv" + 2Dv' Dv' - \Dv" Dv . (4.2) 

After step ii] the ansatze are the following 

+ liqao - {q^ - \)ai)il)'v + (-ao + \qai)ii'v' + |(q:o - qaij^iv - lipv' 
+ (iao - \qai)il)v" + \{-qao + {q^ - \)ai)i)v' 

+ i(ao - (q + \)ai)D^l)'Dv + |(«o - (g - \)ai)D^'Dv (4.3) 
+ \{-ao + (g + \)ai)D^Dv' + |(-ao + (? - \)ai)D^Dv' , 

^/?o(Jj^i>' + jQi^'i^ + jqDuDu - ^Du'Du) (4.4) 
+ 7o(V'V'' - V'V) + 7i(V'V' - V'V') + ^2D'ipD'ip + ^zD'ipD'ip , 

modulo terms involving the zero-forms. The latter follow from the terms in the potential 
of degree > 2 in the zero-forms, which can be parametrized as 

V>2 = Cqvv'XX + Ci(uDuXDX - p.c.) + C,2{i^DvDXX - p.c.) 

- - - (4-5) 

+ riotPt/jXX + Ooivil^SX - p.c.) , 

where p.c. denotes the parity conjugate. The 7^ and are restricted by the relations 

-|7o + (1 + q)7i - (f - ?)73 = 0, -^70 - (1 - q)li - (f + q)l2 = 0, |Co - Ci - K2 = 0. 
Step Hi] determines the 7i in terms of the cuj and q 



7o = -|(9'-f)(«o-g«i), (4.6) 

71= (4.7) 

72 = i^(g- i)(«o -«i), (4.8) 

73 = -]^(g+i)(«o + «i), (4.9) 



consistently with the above conditions on the 7i. The charge is determined in step iv] to 
be g = — |, up to a sign which corresponds to interchanging t/j and ip. Continuing with 
step iv] one finds 
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70 = v^, 7i = -iv^, 72 = -v^, 73 = 0, 

Co = -12, Ci = -6, C2 = 0, (4.10) 

Vo = 12, 
^0 = 12, 

where the sign ambiguity of \/^ corresponds to the freedom of flipping the signs of u and 
S. 

With the above choice for the parameters, d'^ vanishes on aU one- forms except on ip, 
where instead one finds 

+ 8{Di;Di;" - Di^'D^;' + D^;" Di;))^; . 

Notice that the expression multiplying ip has odd parity. Also, its highest component is a 
total x-derivative, and therefore it can potentially be cancelled by coupling i(; to the spin 
superfield A of the AT = 4 superconformal algebra, so that its covariant derivative becomes 

VV' = #-|//V + /iV''-|A + <5^^- (4.12) 

One finds that indeed the right hand side of (4.11) is cancelled by the first order covari- 
antizations of the central terms for t/S, if the coupling constant Q = -\/^. 

This completes the analysis of the elementary couplings between the primaries. To 
construct the full action is now a matter of covariantizing all terms in the lagrangian 
implied by these couplings. Although the result, which is given in an appendix, is extremely 
lengthy, this is a straightforward computation, and could presumably have been done by 
a machine. 

5. Conclusion 

In this paper I gave some examples of classical 14^-algebras in a dual formulation, and in 
particular constructed a new N = A super extension of the W3 algebra. I illustrated how 
the explicit structure of VF-algebras can be split into a set of couplings between generators 
which are primaries of a subalgebra Tl, and covariantizations with respect to this subalge- 
bra. In practice, the couplings between the primaries are usually found to be much simpler 
in structure than the H covariantizations, which can be extremely lengthy. I showed that 
the couplings can be constructed independently of the bulk of the H covariantizations, and 
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although I have not proven this, the existence of a consistent set of couphngs presumably 
implies the existence of the whole algebra. 
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Appendix 

In this appendix I give the complete lagrangian for the = 4 super Ws algebra of Section 4 
in = 2 superspace. Below, Q — denotes the charge of the fermionic superfields. 

jC = JF + XVip - XVip + SVu + ^VA 
+ \Ad-^A + l/i/i' 

+ \W' - w 

- f^^'f - ^^^'j + li^i^j' + 

+ Q{^ipDip"D^ + ^ipDip"DP + ^ipip"^ - ^ipip"^' 
+ tpDip'D^' + ipDip'D^' + ^ipip'^' - ipip'^" - ^ipip^' 
+ ^ipDipD^" + ^ipDipD^" + ^ipip^" - ^ipip^'") 

- f^^'J^ + 3^^J^ - f^DipjDJ + ^ijD^jJDJ 

- li^^jj - lOijijJJ' + ^^i)DJDJ 
+ Q{lil)D^'JD^ + l^Dil)'JD^ 

+ llipip'j^ - l^tl^'J^' - \tl)tl)'DJD^ - 2ipip'DJD^ - ^ipipJ^ 
+ ^ipDipJD^' + ^tpDipJD^' + 2ipD'ipDJ^ - ^ipDipDJ^ 
+ ^ipDipJ'D^ + ^ipDipJ'D^ + ^tpDipJD^ + ^ipDipjD^ 
+ ^y'jtpJ^' - \i)i)J^" - ^ipipDJD^' - 2i)i)DJD^' 

- l^tl^DJ'D^ - ^i;ipDJ'D^) 
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- |v55^(i:>$'$' + D^^" - D^'^ - D^^') 

- ^ijjDi^{D^'^' + D^^" + D^'^ + D^^') 

- ^i;i;{D^"D^ + 2D^'D^' + D^D^") 

- ^ipDip^'D^ - ^ipDip^'D^ - ipDip^D^' - ipDip^D^' 

- \^i)D^"D^ - iPipD^'D^' - ^ipipD^D^" 

- 8t[;tl;'J^ 

+ Q{3i;DijJ^D^ + SipDipJ^D^ 

- Sipi^J^^' + fipipJ^^ - ^ijipJDJD^ - fipipJDJD^) 

- iTpDipiDJD^D^ - J^D^ + J^'D^) 
+ l^Di){DJD^D^ - J^D^ - J^'D^) 

- \'4)tl;jD^D^ - 5i;i;J'D^D^ + l^jipDji^' - + l^|;i;DJ{^' + $) 

- ^tpipJD^'D^ - ^tpipJD^D^' + ^ipipJ^^' - ^ipipj^^ 

+ ^ipip^'D^D^ + iPiP^D^'D^ + iPiP^D^D^' - ^ipip^^^' + ^ipip^^) 

- (12 + 3Q^)ijijJ^D^D^ 

+ (log + |g^)vV'^^5*^$ 

+ (i - f Q2 - ^Q^)ijij^^D^D<5 + (-| - |g2)^^$/2^^^^ 
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+ vv"'J + 2,vDv"DJ + vv'j + AvDv'DJ' + \vvj' + IvDvDJ" 

- - vDvJDJ - \vvJJ' + 2vv'jj - ^vv'DJDJ 

- \vDvJDJ' + \vDvjDJ - IvDvJ'DJ 

+ \uu"'D^D^ + lvDv"{P' - 

+ \vv'D^'D^ - \uvD^D^' + iz/z>'$'2 _ ^^i,'^'^ 

+ 2vDv'{^" - ^')D^ + 2vDv'{^' - ^)D^' 

+ f + 2^"D^' + - ^"D^ - - ^^") 

- vDvj'^DJ - vv'J^ 

- \uu'JD^D^ - \vDv'J{^' - - \uDu'DJD^D^ 

- \vvJ'D^D^ - \vvJD^D^' 
+ vv'JD^D^ - fuu'DJ{^' - 

- 2uu'JD^D^' + uu'J^'^ - vv'J^'^ 

- \vDvDJ'D^D^ + lvDvj{^' - ^)D^ - ^uDuJ'i^' - ^)D^ 

- \vDvJ{^"D^ + - 

16 16 

- 2aQX{i)"v - - \Di)'Dv - Dip'Du 

+ If V''^ + W^' - iV'^ + li^iy' 

3 

+ ^ip'uJ - SipuJ - iDipDuJ - iDipDuJ 

+ fDipuDJ - ^DipuDJ - fipDuDJ - lipDuDJ 

+ lipuJ - ipu'J - ^ipuj - ipuJ' 

+ Q{-D^'uD^ - D^'uD^ - + ^'v^' + 

- D^pD^' - DipiyD^' + - 

+ l^'DuD^ - ip'DuD^ + D%l)Dv^ + ^D^jDu^ 
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+ SijuJ^ 

+ Qi-SDipiyJD^ - 3DipiyJD^ + ^^jDuJD^ - l^DuJD^ 

- ^il^vJ^ + 3V^//J$' + fi'uDJD^ + Itl^uDJD^) 

- ^ipuD^'D^ + ^ipuD^D^' - ^ipu^'^ + ^ipu^^ 

+ Dipu^D^ + Dipu^D^ - ^ipDu^D^ - ipDu^D^ 
+ ^vD^'D^ + i)vD^D^' + V'J^^^ - ^v^^') 
+ (8 + 3Q^)i)uJD^D^ 

+ /3o(iz/z>'5 + \pDv'DS + \ppS' + ^vv'S + ^vDvDS' 

+ f^vv'JS + ^vDvSDJ - ^vDvJDS 

+ ^vv'D^D^S + ^vDv{^' - ^)D^S - ^uDuD^D^DS) 

+ 7o(-|V^'5 + li)D^DS - ^^S' + l^^S - 0i;JS 

+ Coi^i^iy'XX - \uDuXDX - \QvDvD^XX) 

+ \r]Qi}^XX + OovijSX 

-p.c. 
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